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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a piezoelectric element 
usable for a long time 

and having excellent durability when used in an injector. 

SOLUTION: The piezoelectric element 1 is built into the 
injector and generates 

driving force for the injector. When a coercive electric 
field of the 

piezoelectric element 1 is Ec with a preset load of 500 N 
applied to the 

piezoelectric element, d(0.1 Ec)/d(1.2 Ec)>0.43 holds as 
relationship between 

an apparent piezoelectric constant d(1.2 Ec) calculated 
from a static 

elongation obtained when an electric field of 1.2 Ec is 
applied in the same 
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direction as a direction of 
piezoelectric constant 
d(0.1 Ec) calculated from a 
an electric field 
of 0.1 Ec is applied in the 
of polarization. 

COPYRIGHT: (C)2002,JPO 



polarization and an apparent 
static elongation obtained when 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the laminating type piezo-electric-crystal element used 

as a driving source of an injector. 

[0002] 

[Description of the Prior Art] Injectors (fuel injection equipment), such as an internal combustion engine 
of an automobile, change the pressure state which changes the switching condition of a fuel path and is 
given to a nozzle needle by ****** which moves the valve element of the method valve of three 
connected to the common rail which accumulated for example, high-pressure fuel, or the method valve 
of two, and by changing a nozzle needle into a valve-opening state, they are constituted so that fuel may 
be injected. 

[0003] And generally as a driving source which moves the above-mentioned valve element, the solenoid 
valve etc. is used. On the other hand, for the purpose of controlling the above-mentioned driving source 
finely and performing precise control of a fuel-injection state, as shown in JP,1 1-229993, A, the attempt 
which is going to use a laminating type piezo-electric-crystal element as the above-mentioned driving 
source has been made. 
[0004] 

[Problem(s) to be Solved] However, although the injector which used the piezo-electric-crystal element 
for the driving source is proposed like the above, it has not yet resulted in utilization. In an injector, it is 
necessary to repeat spraying of fuel very much at high speed. For example, 10,000 spraying or more 
may be performed in 1 minute. Therefore, a very severe busy condition is imposed on the piezo-electric- 
crystal element used as this driving source. And in the conventional piezo-electric-crystal element, what 
can fully bear the above severe busy conditions was not yet developed, without causing a crack etc. 
[0005] this invention was made in view of this conventional trouble, and when it applies to an injector, it 
tends to offer the piezo-electric-crystal element which was excellent in usable endurance over the long 
time. 
[0006] 

[Means for Solving the Problem] Invention of a claim 1 is a piezo-electric-crystal element which 
generates the driving force of this injector while being built in an injector, this piezo-electric-crystal 
element It comes by turns to carry out the laminating of two or more piezo-electric layers and the 
internal-electrode layer for applied-voltage supply which are displaced according to applied voltage, and 
this piezo-electric-crystal element When the anti-electric field are set to Ec, where a 500-N presetting 
load is given to the above-mentioned piezo-electric-crystal element The piezoelectric constant d of the 
appearance computed from the static elongation when giving the electric field of 1 .2Ec(s) in the same 
direction as the direction of polarization (1 .2Ec) It is in the piezo-electric-crystal element for injectors 
characterized by materializing d (0.1 Ec) / relation of d(1.2Ec) > 0.43 between the piezoelectric constants 
d of the appearance computed from the static elongation when giving the electric field of O.lEc(s) in the 
same direction as the direction of polarization (O.lEc). 

[0007] The point which should be most noted in this invention is that d (1.2Ec) is size from d 

(0. lEc)/0.43. the piezo-electricity which begins a variation rate almost immediately by the voltage seal 

of approval in case a piezo-electric-crystal element displaces ~ a variation rate ~ a component and 90- 
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degree rotation component which begins a variation rate with after [ a voltage seal of approval ] delay ~ 
existing - these sum totals ~ the whole variation rate - it becomes an amount 

[0008] the variation rate at the time of this invention persons giving 1 .2 times as many electric field as 
the anti-electric field Ec (it mentions later for details) further — an amount — the above-mentioned piezo- 
electricity — a variation rate -~ the variation rate at the time of being the thing of the sum total with a 
component and 90-degree rotation component, and giving 0.1 times as many electric field as the anti- 
electric field Ec ~ an amount — 90-degree rotation component — almost ~ there is nothing ~ almost ~ 
piezo-electricity — a variation rate — the variation rate only by the component 

[0009] therefore, the piezo-electricity which will contribute to the variation rate in the above-mentioned 
piezo-electric-crystal element if those ratios are computed by asking for these apparent piezoelectric 
constants d, respectively ~ a variation rate — the rate of an abundance ratio of a component can be 
obtained namely, the piezo-electricity at the time of a piezo-electric-crystal element displacing Above d 
(0. lEc)/d (1 .2Ec) ~ a variation rate - it becomes the value which substituted for the rate of an 
abundance ratio of a component 

[0010] Here, let the value of Above d (0.1Ec)/d (1 .2Ec) be a larger value than 0.43 in this invention, 
thereby ~ a variation rate ~ the inside of a component, and piezo-electricity ~ a variation rate — a piezo- 
electric-crystal element with the rate of an abundance ratio of a component higher than 90-degree 
rotation component can be obtained And in this case, since there are few ratios of 90-degree rotation 
component, calorific value accompanying the repeat of the variation rate of a piezo-electric-crystal 
element can be lessened. Moreover, so, the endurance of a piezo-electric-crystal element can be raised. 
[001 1] Therefore, according to this invention, when it applies to an injector, the piezo-electric-crystal 
element which was excellent in usable endurance over the long time can be offered. 
[0012] Moreover, it is more desirable like invention of a claim 2 that d (0. lEc) / relation of d (1 .2Ec) 
>=0.5 is materialized between the above-mentioned piezoelectric constant d (1 .2Ec) and the above- 
mentioned piezoelectric constant d (0.1 Ec). Thereby, the above-mentioned operation effect can be 
demonstrated still more certainly. 

[0013] Invention of a claim 3 is a piezo-electric-crystal element which generates the driving force of this 
injector while being built in an injector, next, this piezo-electric-crystal element It comes by turns to 
carry out the laminating of two or more piezo-electric layers and the internal-electrode layer for applied- 
voltage supply which are displaced according to applied voltage, and this piezo-electric-crystal element 
[ when alternating voltage is impressed so that 1.5kV //mm / field strength may arise from 0 by the sin 
wave, where a 500-N presetting load is given ] The rate of change of the amount of displacement at the 
time of changing the frequency of the voltage to impress from IHz to 200Hz is in the piezo-electric- 
crystal element for injectors characterized by being smallness from 9%. 

[0014] The point which should be most noted in this invention is that the rate of change of the amount of 
displacement in the above-mentioned conditions is smallness from 9%. When this rate of change is 9% 
or more, drive speed of a piezo-electric-cry stal element can seldom be raised. In addition, as small, since 
the more nearly high-speed drive of this rate of change is attained, it is more desirable. So, 7% or less is 
more desirable, the above ~ a variation rate ~ a variation rate in case the frequency of the voltage which 
the rate of change of an amount impresses is IHz — an amount — the variation rate in Yl,200Hz ~ when 
an amount is set to Y200, it is the value expressed by lOOx (Y1-Y200) / Yl Moreover, let the amount of 
displacement be a value 5 seconds after after voltage impression. 

[0015] Next, it explains per operation effect of this invention, the piezo-electric-crystal element of this 
invention ~ the above - a variation rate ~ the rate of change of an amount is smaller than 9% That is, 
even if it raises the frequency to impress, the amount of displacement seldom falls. And even if it raises 
frequency and raises drive speed, sufficient amount of displacement is obtained. Therefore, the piezo- 
electric-crystal element of this invention is stabilized, and has drive speed raised. And even if the 
number of times of injection for 1 minute is 10,000 times, the variation rate (expansion and contraction) 
of a piezo-electric-crystal element can be repeated with a margin. So, the piezo-electric-crystal element 
of this invention demonstrates the endurance which was excellent when it applied to an injector, and is 
usable over a long time. 

[0016] Invention of a claim 4 is a piezo-electric-crystal element which generates the driving force of this 
injector while being built in an injector, next, this piezo-electric-crystal element It is in the piezo- 
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electric-crystal element for injectors which comes by turns to carry out the laminating of two or more 
piezo-electric layers and the internal-electrode layer for applied-voltage supply which are displaced 
according to applied voltage, and is characterized by the amount of displacement increasing by the rise 
of temperature within the limits of -40 degrees C - 150 degrees C, as for this piezo-electric-crystal 
element. 

[0017] The point v^hich should be most noted in this invention is that the amount of displacement in the 
above-mentioned specific temperature requirement increases with the rise of temperature. 
[0018] Next, it explains per operation effect of this invention. In the injector using the piezo-electric- 
crystal element, since the displacement loss by the viscosity of fuel falling and leaker increasing and the 
displacement loss by the bulk -modulus fall of fuel arise, in connection with a temperature rise, the 
amount of required displacement of a piezo-electric-crystal element increases. 

[0019] To change of this amount of required displacement, the control circuit of an amendment sake is 
needed in this. However, in order to perform the amendment by the circuit, enlargement of a control 
circuit scale will be caused. On the other hand, the piezo-electric-crystal element of this invention has 
the property of increasing the amount of displacement in connection with a temperature rise. Therefore, 
the control circuit which controls the amount of displacement can be made into comparatively easy 
structure, and the miniaturization can be attained. So, it becomes easy to apply the piezo-electric-crystal 
element of this invention to an injector. 

[0020] Moreover, as for the rate of increase of the amount of displacement in a -40 degrees C - 1 50 
degrees C temperature requirement, it is desirable like invention of a claim 5 that it is 5 - 40%. In this 
case, increase of the amount of required displacement of the piezo-electric-crystal element 
accompanying the above-mentioned temperature rise is easily suppliable. the above ~ a variation rate ~ 
the rate of change of an amount ~ the variation rate in -40 degrees C ~ an amount ~ the variation rate in 
Y-40,150 degrees C - when an amount is set to Y150, it is the value expressed by lOOx (Y150-Y-40) / 
Y-40 

[0021] Invention of a claim 6 is a piezo-electric-crystal element which generates the driving force of this 
injector while being built in an injector, next, this piezo-electric-crystal element It comes by turns to 
carry out the laminating of two or more piezo-electric layers and the intemal-electrode layer for applied- 
voltage supply which are displaced according to applied voltage, and is in the piezo-electric-crystal 
element for injectors to which dielectric loss which asked for this piezo-electric-crystal element from the 
P-E hysteresis is characterized by being sraallness from 8%. 

[0022] The point which should be most noted in this invention is that the dielectric loss for which it 
asked from the above-mentioned P-E hysteresis is smallness from 8%. In the graph which took Charge P 
for the field strength E which carried out the seal of approval to the horizontal axis along the vertical 
axis, the above-mentioned P-E hysteresis takes tracing of the value of the charge P at the time of making 
it back-fall which raised the above-mentioned field strength to 1.5kV/mm, and is acquired (refer to the 
example of an operation gestalt). 

[0023] When the dielectric loss for which it asked from this P-E hysteresis is 8% or more, exoergic 
temperature becomes high and there is a problem of seldom raising drive speed. Therefore, considering 
as 7% or less is more desirable. In addition, as the dielectric loss for which it asked from this P-E 
hysteresis is small, it is more desirable from generation of heat being suppressed. 
[0024] Next, it explains per operation effect of this invention. The dielectric loss which asked for the 
piezo-electric-crystal element of this invention from the P-E hysteresis like the above is smallness from 
8%. Therefore, as shown also in the example of an operation gestalt mentioned later, when a piezo- 
electric-crystal element is driven at high speed, generation of heat of a piezo-electric-crystal element can 
be suppressed, and endurance can be raised remarkably. So, the piezo-electric-crystal element of this 
invention demonstrates the endurance which was excellent when it applied to an injector, and is usable 
over a long time. 
[0025] 

[Embodiments of the Invention] It explains using drawin g 1 - drawing 5 about the piezo-electric-crystal 
element for injectors concerning the example of an operation form of example of operation form 1 this 
invention. The piezo-electric-crystal element 1 for injectors of this example is a piezo-electric-crystal 
element which generates the driving force of an injector 5 while being buih in an injector 5, as shown in 
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d rawin g 5 . This piezo-electric-crystal element 1 comes by turns to carry out the laminating of two or 
more piezo-electric layers 1 1 and the internal-electrode layers 21 and 22 for applied-voltage supply 
which are displaced according to applied voltage, as shown in dr awin g 1 . And the piezo-electric-crystal 
element 1 is in the state which gave the 500-N presetting load to the piezo-electric-crystal element 1, 
when the anti-electric field are set to Ec. The piezoelectric constant d of the appearance computed from 
the static elongation when giving the electric field of 1.2Ec(s) in the same direction as the direction of 
polarization (1 .2Ec) Between the piezoelectric constants d of the appearance computed from the static 
elongation when giving the electric field of O.lEc(s) in the same direction as the direction of polarization 
(O.lEc), d (O.lEc) / relation of d(1.2Ec) > 0.43 is materialized. Hereafter, this is explained in full detail. 
[0026] As are shown in drawin g 1 and d rawin g 2 , and the piezo-electric-crystal element 1 serves as 
positive/negative by turns in the above-mentioned internal-electrode layers 21 and 22 between the layers 
of the above-mentioned piezo-electric layer 1 1, it forms and it becomes. As shown in this drawing, one 
internal-electrode layer 21 is arranged so that it may expose to one side 101, and the internal-electrode 
layer 22 of another side is arranged so that it may expose to the side 102 of another side. And the side 
electrodes 31 and 32 were formed so that the side 101,102 of the piezo-electric-crystal element 1 might 
be made to flow through the edge of the exposed internal-electrode layers 21 and 22. 
[0027] Moreover, in the piezo-electric-crystal element 1, the portion arranged in apart for the center 
section of the direction of a laminating so that a mechanical component 111 and this may be pinched 
was made into the buffer section 112, and the portion arranged so that this buffer section 112 may be 
pinched further was made into the dummy section 113 , 

[0028] The manufacture method of this piezo-electric-crystal element 1 and detailed structure are 
explained. The piezo-electric-crystal element 1 of this example can be manufactured using the green- 
sheet method used widely. Weighing capacity of the green sheet is carried out so that it may become 
composition of a request of powder, such as a lead oxide which serves as the main raw material of 
piezoelectric material by the well-known method, a zirconium oxide, titanium oxide, a niobium oxide, 
and a strontium carbonate. It was made for final composition to serve as the so-called PZT (PZT) in this 
example, moreover, leaden evaporation — taking into consideration — the above ~ a mixing ratio — it 
prepares so that it may become rich 1 to 2% rather than the stoichiometry of composition d (0,lEc)/d 
(1.2Ec)0.43 [ in addition, ] which tuned the content of the composition component of PZT finely and 
was mentioned above in this example — size — 0.5 or more and the bird clapper were aimed at preferably 
And these raw materials are blended dryly with a mixer, and temporary quenching is carried out at 800- 
950 degrees C after that. 

[0029] In addition, from the above d (0.1Ec)/d (1.2Ec)0.43, as size and electrostrictive ceramics which 
becomes 0.5 or more preferably, although the composition component of Above PZT was adjusted, it 
can also obtain by adjusting the composition component using others and various electrostrictive 
ceramics. 

[0030] Subsequently, pure water and a dispersant are added to temporary-quenching powder, it 
considers as a slurry, and wet grinding is carried out with a pearl mill. A solvent, a binder, a plasticizer, 
a dispersant, etc. are added and this trituration object is mixed with a ball mill, after carrying out powder 
degreasing, dryness and. Then, vacuum degassing and viscosity control are carried out, stirring this 
slurry with an agitator within vacuum devices. 

[0031] Subsequently, a slurry is fabricated to the green sheet of fixed thickness with doctor blade 
equipment. The collected green sheet is pierced with a press machine, or a cutting machine cuts it, and it 
is fabricated on the rectangle object of a predetermined size. The green sheet is common to a mechanical 
component, the buffer section, and the dummy section. 

[0032] Subsequently, for example, silver/palladium = screen-stencil fabrication of the pattern is carried 
out on one front face of the green sheet after fabrication with the paste (henceforth a Ag/Pd paste) of the 
silver and palladium which consist of 7/3 of ratios. An example of the green sheet after pattern printing 
is shown in drawing 3 (a). In addition, the same sign is substantially given to the same portion on 
account of explanation. 

[0033] In the front face of a green sheet 1 1 used as a piezo-electric layer, all over [ this ] abbreviation, 
mist and the small pattern 21 (22) are formed and it considers as the internal-electrode layer 21 (22) with 
the above-mentioned Ag/Pd paste. The agenesis section 119 of the internal-electrode layer 21 (22) is 
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formed in one opposite side side of the front face of a green sheet 1 1 . That is, this has been arranged so 
that the internal-electrode layer 21 (22) may not arrive at one edge (portion equivalent to the side 101 or 
** 102 of the piezo-electric-crystal element 1) of the opposite side of a green sheet 1 1 but the internal- 
electrode layer 21 (22) may reach the other-end section which counters. 

[0034] The green sheet 1 1 in which such an internal-electrode layer 21 (22) was formed is prepared by 
predetermined laminating number of sheets based on the requirement specification of a mechanical 
component 111 and the amount of buffer section 112 displacement. Moreover, the green sheet 12 which 
is not printing the internal-electrode layer the buffer section 112 and for dummy section 113 also makes 
required number-of-sheets preparations. 

[0035] Subsequently, these green sheets 1 1 and 12 are piled up. Drawin g 4 shows the laminating state of 
green sheets 1 1 and 12, and serves as an exploded view of the piezo-electric-crystal element 1 
substantially. In piling up the green sheet 1 1 in which the internal-electrode layer 21 (22) was formed, it 
piles up so that the agenesis section 1 19 of an electrode may be located in the left-hand side in drawing, 
and right-hand side by turns. The internal-electrode layer 21 attained and exposed to the side 101 on the 
right-hand side of [ in drawing ] a green sheet 1 1 serves as an internal electrode of one pole by this, and 
the internal-electrode layer 22 attained and exposed to the side 102 of the left-hand side in drawing 
serves as an internal electrode of the pole of another side. 

[0036] And in the central mechanical component 1 1 1 , as shown in dra win g 4 , a laminating is carried 
out only using the green sheet 1 1 in which the above-mentioned internal-electrode layer 21 (22) was 
formed, the green sheet 12 which does not form the internal-electrode layer between green sheets 1 1 in 
the buffer section 1 12 is made to intervene, a laminating is carried out, and a laminating is carried out 
only using the green sheet 12 which does not form the internal-electrode layer in the dummy section 
113. This becomes the layered product of the structure shown drawing 2. 

[0037] Subsequently, it degreases by the 400-700-degree C basis with an electric furnace after the 
thermocompression bonding by the warm water rubber press etc., and calcinates by the 900-1200-degree 
C basis. Subsequently, the external electrodes 3 1 and 32 are formed by applying and printing the above- 
mentioned Ag/Pd paste or Ag paste on the side of the above-mentioned layered product. The external 
electrode 3 1 is formed in the position which the internal-electrode layer 21 of one pole has exposed, and 
takes the flow of each internal-electrode layer 21. The external electrode 32 of another side is formed in 
the position which the internal-electrode layer 22 of the pole of another side has exposed, and takes the 
flow of each internal-electrode layer 22. Then, this is immersed into insulating oil, direct current voltage 
is impressed between the internal-electrode layer 21 and 22 from the external electrodes 3 1 and 32, the 
piezo-electric layer 1 1 is polarized, and the piezo-electric-crystal element 1 is obtained. 
[0038] In addition, like the above, by using the green sheet (piezo-electric layer) 12 of the same quality 
of the material as the piezo-electric layer 1 1 used for the mechanical component 1 11, as the kind of the 
above-mentioned dummy section 113 of manufacture material did not increase, it aimed at reduction of 
a manufacturing cost. However, the piezo-electric layer 12 of this dummy section 113 may be 
constituted from an another material, for example, an insulating magnetic material can also constitute. 
[0039] It sets for the piezo-electric-crystal element 1 of this example here, an important point When the 
anti-electric field are set to Ec, where a 500-N presetting load is given to the piezo-electric-crystal 
element 1 The piezoelectric constant d of the appearance computed from the static elongation when 
giving the electric field of 1 .2Ec(s) in the same direction as the direction of polarization (1 .2Ec) It is the 
point that d (O.lEc) / relation of d(l .2Ec) > 0.43 is materialized between the piezoelectric constants d of 
the appearance computed from the static elongation when giving the electric field of O.lEc(s) in the 
same direction as the direction of polarization (O.lEc). 

[0040] Here, the anti-electric field Ec are explained first. Drawi ng 6 is explanatory drawing of the 
above-mentioned anti-electric field Ec. the field strength (voltage) which gives this drawing to a 
horizontal axis at a piezo-electric-crystal element ~ a vertical axis - a variation rate - an amount is 
taken In addition, field strength considers the same side as the direction of polarization as plus (+), and 
considers the direction of polarization, and an opposite side as minus (-). 

[0041] And it starts from A points, a field strength seal of approval is first carried out to the piezo- 
electric-crystal element 1 in the same direction with the direction of polarization, and the value is raised 
gradually. According to this, the amount of displacement of the piezo-electric-crystal element 1 
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increases. Next, after field strength reaches the B point which is 1 50V, field strength is gradually made 
low. According to the fall of this field strength, the amount of displacement decreases shortly. And after 
field strength is set to 0, field strength is continuously reduced in the direction contrary to the direction 
of polarization gradually. According to this, the amount of displacement decreases further. In this 
example, when field strength is set to -90V (C points), the amount of mutation starts to increase. The 
absolute values (90V) of the field strength of this point are the anti-electric field Ec in this invention. 
[0042] And after field strength reaches after that D points which are -150V, field strength is raised 
again. According to this, the amount of displacement decreases shortly. And if field strength is set to 0 
and raises field strength in the direction of polarization further, the amount of mutation will start to 
increase. Although this field strength of D points is also called anti-electric field, Ec as used in the field 
of this invention does not carry out. In this invention, the anti-electric field at the time of carrying out 
the seal of approval of the voltage in the direction contrary to the direction of polarization to the last are 
set to Ec. By raising field strength further after that, finally it will be in the almost same state as the B 
point, and the same behavior will be repeated after that. 

[0043] It asks for each above-mentioned piezoelectric constants d (O.lEc) and d (1 .2Ec) based on 
calculated Ec like the above. It can ask for a piezoelectric constant with the inclination of the graph at 
the time of creating the rate of change of the variation rate at the time of making the field strength which 
carries out a seal of approval gradually increase, i.e., the graph of the relation between field strength and 
the amount of displacement. Therefore, in this example, the displacement-voltage hysteresis in the case 
of making the seal of approval of the field strength of 1 50V carry out in the same direction as the 
direction of polarization was searched for. 

[0044] Drawing 7 takes field strength (voltage) (V) along a horizontal axis, and takes the amount 
(micrometer) of displacement along a vertical axis. And where a 500-N presetting load is given from the 
upper and lower sides of the piezo-electric-crystal element 1, the seal of approval of the voltage is 
carried out in the same direction as the direction of polarization, and the value is increased gradually. 
And tracing of the amount of displacement is plotted to drawing 7 . In this example, it carried out until 
field strength was set to 150V. In addition, although it plotted when reducing field strength in this 
drawing until it was gradually set to 0 from 150V, and it asked for the hysteresis curve, only the case 
where field strength is made to increase in this example is important. 

[0045] And each above-mentioned piezoelectric constant can be defined by rate of change in case the 
value is O.lEc(s) (9V), and the rate of change in the case of being 1.2Ec (108V), when making field 
strength increase. In this example, the piezoelectric constant d (O.lEc) was 0.37, and the piezoelectric 
constant d (1.2Ec) was 0.68. Therefore, these ratios were obtained by 0.37/0.68, are 0.54 and had fully 
exceeded 0.43. 

[0046] Next, an example of an injector which can use the piezo-electric-crystal element 1 of the above- 
mentioned composition as a driving source is explained briefly. An injector 5 is applied to the common 
rail injection system of a diesel power plant, as shown in d rawing 5 . This injector 5 has the up housing 
52 with which the above-mentioned piezo-electric-crystal element 1 as a mechanical component is held, 
and the lower housing 53 with which it is fixed to the soffit and the injection nozzle section 54 is formed 
in the interior, as shown in this drawing. 

[0047] It is pillar-shaped and, as for the up housing 52, insertion fixation of the piezo-electric-crystal 
element 1 is carried out into the approximate circle dugout 521 which carries out eccentricity to a medial 
axis. The high-pressure fuel path 522 is established in the side of a dugout 521 in parallel, and the upper- 
limit section is open for free passage to the external common rail (****) through the inside of the fuel 
introduction pipe 523 which projects in the up housing 52 top section. 

[0048] The fuel which the fuel delivery tube 525 which is open for free passage to the drain path 524 
protrudes on the up housing 52 top section, and flows out of the fuel delivery tube 525 is retumed to a 
fuel tank (****). The drain path 524 opens for free passage and uses the inside of the vertical housing 52 
and 53 as the method valve 551 of three later mentioned by the path which is prolonged caudad, and 
which is not illustrated from this crevice 50 further via the crevice 50 between a dugout 521 and a 
mechanical component (piezo-electric-crystal element) 1, and is **. 

[0049] The injection nozzle section 54 is equipped with the nozzle hole 543 which injects the high- 
pressure fuel which is opened and closed by the nozzle needle 541 which slides on the inside of the 
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piston body 531 in the vertical direction, and the nozzle needle 541, and is supplied from the reserve- 
well ball 542 in each cylinder of an engine. The reserve-well ball 542 is formed in the circumference of 
the pars intermedia of the nozzle needle 541, and the soffit section of the above-mentioned high-pressure 
fuel path 522 is carrying out opening here. If the fuel pressure of the valve-closing direction is received 
from the back pressure room 544 faced and established in the upper-limit side and the pressure of the 
back pressure room 544 descends while the nozzle needle 541 receives the fuel pressure of the valve- 
opening direction from the reserve-well ball 542, the nozzle needle 54 1 will carry out a lift, a nozzle 
hole 543 will be opened wide, and fuel injection will be made. 

[0050] The pressure of the back pressure room 544 is fluctuated by the method valve 551 of three. The 
method valves 551 of three are the back pressure room 544, the high-pressure fuel path 522 or the drain 
path 524, and composition made to open for free passage alternatively. Here, it has the valve element of 
the shape of a ball which opens and closes the port which is open for free passage to the high-pressure 
fuel path 522 or the drain path 524. This valve element is driven by the above-mentioned mechanical 
component 1 through the major-diameter piston 552 arranged caudad, the oil pressure room 553, and the 
minor diameter piston 554. 

[0051] Next, it explains per operation effect of this example, the piezo-electric-crystal element 1 of this 
example ~ the ratios d (0.1Ec)/d (1.2Ec)0.43 of the above-mentioned piezoelectric constant - size ~ it 
is 0.5 or more preferably Therefore, while excelling in thermal resistance, the endurance which was very 
excellent is demonstrated, namely, ~ since d (1.2Ec) is size from the ratios d (0.1Ec)/0.43 of a 
piezoelectric constant like the above ~ the above-mentioned piezo-electric-crystal element 1 ~ the 
variation rate — the inside of a component — efficient piezo-electricity — a variation rate — the 
component occupies more than the half Therefore, there are few energy losses at the time of repeating a 
variation rate, and self-generation of heat also has them. [ little ] Compared with the case where the 
ratios d (0.1Ec)/d (1.2Ec) of the above-mentioned piezoelectric constant are 0.43 or less, it excels also in 
thermal resistance and endurance also improves. So, the piezo-electric-crystal element 1 of this example 
demonstrates the endurance which was excellent when it applied to an injector 5, and is usable over a 
long time. 

[0052] In the example of two examples of an operation gestalt, although it was the same structure as the 
piezo-electric-crystal element 1 in the example 1 of an operation gestalt, the piezo-electric-crystal 
element (a sample 1 - sample 4) which is four kinds from which composition of a piezo-electric layer 
differs was prepared, and it asked for the ratios d (0.1Ec)/d (1.2Ec) of the above-mentioned piezoelectric 
constant, respectively. And the temperature rise by self-generation of heat of each piezo-electric-crystal 
element was measured. Moreover, the endurance of a piezo-electric-crystal element was judged based 
on the result. Although each prepared piezo-electric-crystal element used PZT as a piezo-electric layer, 
it changed the component composition, and it was adjusted so that the ratios of the above-mentioned 
piezoelectric constant might differ. 

[0053] The measured value of the ratios d (0.lEc)/d (1 .2Ec) of the piezoelectric constant in each sample 
was shown in Table 1 . This measuring method is the same as the case of the example 1 of an operation 
gestalt mentioned above. Moreover, measurement of the temperature rise by self-generation of heat 
made the piezo-electric-crystal element drive as the seal-of-approval voltage of 0-1.5kV/mm, and 
frequency of 200Hz, and was performed by measuring the temperature on the front face of the side of 
the center of the direction of a laminating. 

[0054] The result is shown in Table 1 . As known in Table 1, in the adult case, the elevation temperature 
by self-generation of heat was all suppressed by 100 degrees C or less from the above-mentioned ratios 
d (0.1Ec)/d (1 .2Ec)0.43. On the other hand, when the above-mentioned ratio was 0.43 or less, a 
temperature rise which exceeds 1 00 degrees C was seen. When predicting from these temperature rises 
etc. and the durability test operated 1x109 times, for example is performed, the above-mentioned ratio is 
considered that the endurance which the adult thing clearance (O) Carried out this, and was excellent is 
shown, clear [ of this examination ] cannot be carried out to the case of 0.43 or less, and improvement in 
(x) endurance is not found from 0.43. 
[0055] 
[Table 1] 
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[0056] In the example of three examples of an operation gestalt, the rate of change of the amount of 
displacement to the frequency of the applied voltage of each piezo-electric-crystal element was 
measured using four samples (a sample 1 - sample 4) in the example 2 of an operation gestalt. 
Specifically, it is in the state which gave the 500-N presetting load to each sample, and alternating 
voltage was impressed so that 1 .5kV [/mm ] field strength might arise from 0 by the sin wave. And as 
shown in d rawin g 8 , the frequency of the voltage to impress was gradually changed from IHz to 200Hz, 
and the amount of displacement of a piezo-electric-crystal element was calculated. Dra wing 8 is an 
example which shows the rate of change of the amount of displacement, the frequency of applied 
voltage is taken along a horizontal axis, and the amount of displacement of a piezo-electric-crystal 
element is taken along a vertical axis. 

[0057] Table 2 ~ the above of each sample — a variation rate — while the rate of change of an amount 
was shown, the measurement result of the elevation temperature by self-generation of heat of a piezo- 
electric-crystal element was shown consequently, a variation rate ~ rate of change - 9% ~ smallness ~ 
elevation temperature was also preferably suppressed by 100 degrees C or less at 7.0% or less of case 
So, it was considered (O) which is excellent also in the endurance. Moreover, when displacement rate of 
change is 9% or more, elevation temperature is also high and the improvement in endurance can seldom 
be expected (x). 
[0058] 
[Table 2] 
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[0059] In the example of four examples of an operation gestalt, using four samples (a sample 1 - sample 
4) in the example 2 of an operation gestalt, it asked for dielectric loss from the P-E hysteresis (charge- 
voltage hysteresis) of each piezo-electric-crystal element, and the relation between this value and the 
elevation temperature by self-generation of heat was investigated. First, the P-E hysteresis of each 
sample was searched for as follows. 

[0060] The fixture 6 was prepared as shown in drawing 9 . The fixture 6 has the two guide poles 62 set 
up on the plinth 6 1 . The bridge section 63 is arranged by this guide pole 62, and the press section 64 
which has the press board 641 in the center of this bridge section 63 is arranged in it. The piezo-electric- 
crystal element 1 is arranged so that it may insert between the press board 64 1 and a plinth 6 1 . And the 
press board 641 gives the preload (presetting load) of lOMPa with the pan spring 65 arranged between 
this and the bridge section 63 . 

[0061] It comes, whenever it impresses the voltage of the field strength of 0-1.5kV/mm, the frequency 
of lOOHz, and a sin wave and is shown in d rawing 10 to the piezo-electric-crystal element 1 in this state, 
and a hysteresis is searched for. This drawing takes E:electric field (v/mm) along a horizontal axis, and 
takes the integration value (density of electric charge) (C/mm2) of P: current along a vertical axis. And 
voltage was made to increase in the same direction as the direction of polarization gradually, and tracing 
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of the above P at the time of making it decrease gradually after that was plotted. 
[0062] And first, as shown in this drawing, area of the portion surrounded by the obtained hysteresis 
curve is set to SI . Next, as shown in drawi ng 1 1 , it asks for the area S2 of the triangle surrounded by the 
line and horizontal axis which hung on the horizontal axis from the line which connected the highest 
value point Q of Zeros O and P, and Above Q. Dielectric loss is computable by using these values. That 
is, dielectric loss (%) is computable Sl/S2/(2pi) xlOO. 

[0063] Thus, the obtained dielectric loss can estimate the dielectric loss produced when a piezo-electric- 
crystal element is real -used compared with the dielectric loss measured in IV with an impedance 
analyzer which is usually performed. 

[0064] Next, the dielectric loss for which it asked from each samples 1-4 as mentioned above is shown 
in Table 3. Moreover, the elevation temperature by self-generation of heat searched for like the example 
1 of an operation gestalt is also doubled and shown. As known in Table 3, smallness and the temperature 
temperature according to self-generation of heat in 7% or less of case preferably were also suppressed 
for the dielectric loss for which it asked based on the above-mentioned P-E hysteresis rather than 8% at 
100 degrees C or less. So, it was considered (O) which is excellent also in the endurance. Moreover, 
when displacement rate of change is 8% or more, elevation temperature is also high and the 
improvement in endurance can seldom be expected (x). 
[0065] 
[Table 3] 
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[0066] In addition, it is not based on the configuration of a piezo-electric-crystal element, but the 
invention in this application can acquire the operation effect, for example, as shown in drawin g 12 , 
when the piezo-electric-crystal element 1 is a cross- section barrel type configuration, it can acquire the 
same operation effect as the above. Furthermore, as shown in drawing 13 , when the piezo-electric- 
crystal element 1 is a cross-section octagon, the same operation effect as the above can be acquired. 



[Translation done.] 
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04 0 0-7 0 O-COfch-CMigL, 9 

0 0-120 or:(r>i>h'cmm-^. ±fH«« 

#:<?DiOM{C±iaA g/P d'^— X h iittiA g'^— X h 
m^m^, M&Wt€.ii:{:ii'9i'l-SP«ffi31. 3 2^ 
?l^(K-r-S, ^\WmM3 Hi, — ^£7)ffitf0l^gB«ffi«2 1 

2 2;&>SaiL-CU§eatcB^L. #l*IgP«ffi®2 2c7) 

3 1, 3 2*^f>rtSPW12 1 . 2 2|gfcm»Sm£eP 40 

MLxBmmi i^^ffit. ffi«i*cs^i^#^. 

[0038] ^4>, ±iB^5-^l 13{i, ilBcOrfc 
<»gpi 1 1 fcffli^^:flE«Jil 1 fc^tWHcO^y- 
yi^-h (ffimJi) 12*fflV^^ifc{iJ;"9. SiSff^ 

[ 0 0 3 9 ] ^ .1 -t% 1 izni ^xmm 

^^.{4 . ^iotitmi?^^ Ect Lfcm^iz . Bmim^ 1 50 



^^2002-54525 

8 

izMLx 50 0 Nco7°y-fe</ hmm^n^irzwc. 

»«mX*^^>ffai§ix&^{tc?)ffiS^d (1. 2E 

c) k, ^mjji^tmtifmzo . 1 e c^om-^^-^i. 

(0. lEc ) hffMiZ, d (O. lEc)/'d (1. 
2 E c ) > 0 . 4 3 «gg^*si^f -^^.TJi-S. , 
[ 0 0 4 0 ] CI CIT, ^imm^E c tC-OV^TiiBJM- 

*-|nIi:|«ltffll^7'7X ( + ) tL, :})-ffi:*r|nIi;^ffl!l* 
v^-^X (-) t-tS, 

[ 0 0 4 1 ] -e LT . A ^r*^<i>Xi5?- b L , *-^ffim* 

1 f,z^m)j\p\m t-:}imzmmmmi l , ^om 

ff)V.w^(mr\,zvit})^->x, ^^tim'M'Lx\^ 
i^km<^-jjmizmm^m^m^izf&T^-it:i>. ^lmzl 
^,K*»'-9 ov{c^:-5fci^,.s (ci) -c. mfsmmm- 

[ 0 0 4 2 ] -f LT, ^com, m^^m/)^- 1 5 overt 

DmzmLt:ik. nv^mmim^^ibx\,^<. cmzv 
fzt^-yx, ^mimAifim-\^x\^<. -etr, 

^mAx\i, h<^Ti>, ^myjmt^co:t}mizm&^ 

[0043] iMm^'b <SJ6Jt E c ^miz Lx , ±m 

^ffim^d (O. lEc)S.t/d (1. 2Ec) 

x^i,. ^ffyfz^sb, i^mxM, ^ffi*f6it|B|tsri6ifci 

yi^X^r^ii^f^. 

\oo^A\mi\t,mmzmm^%iMm (v) 

T . Bhmf*:fR^ 1 <=D±T*^^> 5 0 O Nco:r u -fe >y 
^#-^Ly::^tmT% iJ-ffiSriBifclsltSriPifcmffi^Bna" 

K£S7{=7"nv b-r-&. *01|-Ct4, «i^]K*^l 5 0 



9 

c 0 0 4 5 1 LT . ±iB^ffi«^Js, mmim^m 

JII§-fr-CV^?,#^fci3V->T. -e^Offi^i^O. lEc (9 
V) •e&SJ^iT)^^!:*^:. 1. 2Ec (108V)-C 

li, Sm^d (0. lEc) {40. 37, SMMmd 
(1. 2Ec)tiO. 68T'&-?3t, Lfv^/tf^oT, Zti 

(^crtmt, 0. 3 7/0. 6 8f^J:'5^l=^i^, 0. 5 4 

T'S?)'?. -H^t^O. 4 3&JiIlI-:>-CV^^:. 
[ 0 0 4 6 ] , ±lSlf JScDffi«*t«^ 1 ^Igi&iSfc 

k < . «>^k tTc7)±^m«sSi^l A^K^StL^Ji 

{citLM^t^-rs^J^ 5 2 1 JBE«*«^ 1 ;5«#iiia 
S^ixTV^-g,, jgfj;^5 2ic0{f!!l:^{c«, ^ffiiPfjli?&5 
2 23&sW«t^>n, -ecO±!^fi, igp^'^i^'i^i^ 
5 2±mt:§lffi^?.^l^A«5 2 3 l^^gT^h^cO 

[0048] ±a5^^'>i^>^ 5 2±m{c:tt, , b' 

v->m^ 5 2 4 fciKi-r-s«!m«ai« 5 2 5**^^ 
L. M^ajW5 2 5*>^>^ai-r&»4{i:. mA^y^ 
mm^^tt^. H^-yjiaf&5 2 4«, ffieA:5 2 
1 tmmm ismwm^) 1 tcoiatoist^s o^s* 

L, $^>tz, iiOP«ig5 0*>^>±T^N'>i^>^5^5 2, 5 

*-#5 5i{=aaLrL^<. 

[0 04 9] iSJWyX;l^54{i:, tXby*'T^-5 3 

Sm5 4 3*mTV>^o lffl?g^')5 4 2{4, yX 

ftjM& 5 2 2 (DymmZL tC^P LT V . y X;Wri 
- 5 4 1 , il^ffl* 0 54 2 *^4gl^^r|^i?)jiffi 
ffi&S(t-S k k t, {=. iWt^ffi LTa(tfv:irffiS 5 4 
4*-^>K#:^Ifi)<0^^ffi^SttTi3'9, W£ES5 4 4« 
E»J*^'KT-r-S. t . y X;i/^- b';W 5 4 1 *f J 7 b L 
T, IS?L5 4 3*i|BJ!c§^t. 'mmMi}^ti:^ith. 
[0050] #ff^5 4 4cr,BMt3lj^5 5 1 i 
TJ^Six-l.» 3:)^#5 5l{i. irES5 4 4k;Sffi^ 
^jiSS522, ifv:*±bb'-yjK85 2 4fcglB<WK3t 
il^ -Ifl. ®^T3^ -So i ^: T'<4 . 5 2 2 1 



6) !|t^2002-54525 

1 0 

fm b V- >'ii«& 5 2 4 A^jaa-r s .-k- b ^ ram-r -s --k 

J; "9 , ^<^T:tjlz&m^it^±^^x b v 5 5 2 , jitj 
£E^5 53. /J-^@UXb>'5 5 4&J>LT, lEIBl^ix 

■So 

mcosMi^m'f 1 ±iaffi«^i[coJtd ( o . i e 

c) /d ( 1. 2Ec ) jilJO. 4 3J;0:A:, iif^t<{4 

ffi^^WJtd (0. lEc)/d (1. 2Ec)3&i 
0. 4 3J:»?:;feT'&.S.cOT', ±fBffi«*«^Pl<4, -e<?) 

Jtd ( 0 . 1 E c ) /d ( 1 . 2 E c ) *^0 . 4 SJSIT 

20 *)fv:^Tffifflnrfigm.S„ 
10 0 5 2] ^Jte^^M2 
dl^mri\±, HtWMM 1 fcfe{t^E««5«^^ 1 i:|5l«<?) 
ffi3t-C&-§.>{P, ffi®i<??fflfifc&JM*-S4^<7)£E«#* 
^ (iSWl-iiSm) ^^OfflL, ±aE«^<OJtd 

(0. iEc)/d(i. 2Ec) ^T-etL-en^i^it, 
[ 0 0 5 3 ] a 1 #ije^{:*jft'SS«^<^Jtd 

(0. lEc)/d (1. 2Ec) <7)ffl^tt^*L3t. 
0-1. 5kV/mm. ig^2 0 0Hzi:LTjEm# 

[0 0 54] ^tm^^m^iizi^-t, mix^n^^ti^ 

rk < , ±iEitd (0. lEc)/d(l. 2Ec)3&J 
40 0. 4 3i;0^«?W®^(::{±. »*^-r^ifcSe^^fcJ;S± 
0 0°ClUTl::fii*ijm/i, ^itttML. ±IB 
tt;**0. 4 3OT<^J®^{c{±. 1 0 0''C*gx..SJ;a^ 

If, Mx.t? 1 X 1 09|lI«!)S-^-g.iS»AI«i^^lT^^:J© 
^fclsv^T, ±iSit:*^'0. 4 3j:0:*;c^i>'^{4;:tL^^' 
UT(0) LTt-C^tstSAtt^^L. O. 4 3UT<^ 
*^{ctt , ; <^im^ ^ 'J TT'^ -r ( X ) B A1*c^f6l± 

[00551 
50 [^1] 
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[0056] 

*f«JT'{i . HJtJgM^!! 2 tcB ft ^ 4 -PiOlfi^ ( 1 - 

^LT 5 0 0 Nor U -b >y t^tt-^T", 0 

*>^> 1 . 5 k V/mmcO«^^]fe&J s i nfe-C4.-r -S. i 

ERfnrr STOEfO^iS^^ lHz*>^>200Hz iT'^^ 



* 1 0 0 5 7 ] a2t=, *Kfko±t^fiao^{i:^^^ 

t L<«7 . oxmrcom^^zii, ±m^t i o o'c 
(o) b^ti^titz. ttz. ^&.mm-)f9%m:.(7m 

(X) . 
[0058] 

m2] 



dm 




("C) 
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12 


118 
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110 


X 
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98 
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80 


O 



1005 9^ mm^m4 
^mx'ii , mm^mm 2 ^^i5 (t ^ 4 -^coim ( scfn ~ 

Srfflv\ ^fb^ft^^tOP-EtXrUS/X 30 
^WM'n P - E b U i^y-\±^<r>i. d „ 

[ 0 0 6 0 ] 09 \,zm-::h < . aigf&ae immL 

/S. i!l^*6{±, iSJS6 l±iZiL^L^2^<7)y!f-i h' 
cOtfAtcffme 4 1 5*r^^iip£h^6 4 ^la^LT*) 

ffimfl*^ ffBE«64 1 b-^me 1 t<^Stc 

y U •■/ S/gB 6 3 fc O^tilS LfcMA;^ 6 5 i T . 
1 OMPaSDi^^fi (T'J-fe y <, 
[00611 1 fc^TLT, 

^0 — 1 . 5kV/mm, M)^! 0 OHz, sin 

i^comK^ EftOn L , mio lz5j^-t;:b ^hXT-Ui^X^ 

si^h. nm,i. wm^zR mis^ (v/mm) , wmiz 
i>eDTh^. -etT. w±i^m:f}mbmtjjmzm^ 

tciiJnS-fe!:. ^<7)^«{c«i!'-§-^JtJ*^<^±iEPcom 



$K [ 0 0 6 2 ] LT4-r, PHt^-rrh < , #^>fl^: 
iXfc, HI lt3^-rrk<. JgjiLOi:PcoSK«j^Qi: 

^m^(%) {i:Si/S2/ (2^r) xiootc: 

[0063] z<0X d t^tTtt^tiit^^^ii, iim 
^T*>^^■S J: o^-f >'f-:r>'xr^5-fif(cT 1 VtcT 

m&^tihmmm^izit^x , E.mmK=f^mimvtz 

[ 0 0 6 4 1 ±fa« J; d {: LT^im 1 ~4 {;*f 



m-. ^3i'5*n^>n.&i'fc<, ±iELP-Etx7^i;>' 
v^-g. (o) b^ti^fitz. ±fz, ^^imifis%\;j± 

[0065] 
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1 3 
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[ 0 0 6 6 ] , 2|s:i|^BJ{ J . HEm*^^OMft J: 10 * c ) 2^tX d ( 1 . 2 E c ) ^:^-ri^Bja„ 



m 6 ] mmmm i izisn^ , ks^e c i^^m 



[010] mmmmrn 3 tijtt-s. , p - e b u >-x 
[01 1] mmmmsiizi^nh , p-Ebx^y^-^ 

20 =f^^~twmm. 
*f«^^s^-tmBfl0. 

I . . . ffit#*T, 

II, 12. . . Kmm , 

21. 2 2. . . rtgPttffli. 
3 1, 3 2. . . i'hSSm. 
31 5, 3 2 5. . . HSIRaiLgP. 
5. . . -O'S^'x^'^'. 



[07] iai?^®0!ll{C*3tt.l>, ffi^iCd (0. 1E*30 6. - . SS^*. 
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